Objective: Trauma and infection have been postulated as "triggers" for hemorrhage from underlying brain vascular lesions (arteriovenous malformations, cavernous malformations, and aneurysms) in pediatric hemorrhagic stroke. We decided to perform an association study examining these environmental risk factors.
Results: Of 132 childhood, non-neonatal hemorrhagic stroke cases, 65 had underlying vascular lesions: 34 arteriovenous malformations, 16 cavernous malformations, and 15 aneurysms. A documented exposure to head and neck trauma in the prior 12 weeks was present in 3 cases (4.6%) with underlying vascular lesions, compared with no controls (p , 0.015). However, all 3 vascular lesions were aneurysms, and traumatic pseudoaneurysms were possible. Recent minor infection (prior 4 weeks) was present in 5 cases (7.7%) and 9 controls (4.6%) (p 5 0.34).
Conclusions:
Our observed association between trauma and hemorrhagic stroke with a vascular lesion may be explained by traumatic pseudoaneurysms. Neither recent head or neck trauma nor infection appeared to be a "trigger" for pediatric hemorrhagic stroke due to underlying vascular malformations. Neurology â 2013;81:581-584 GLOSSARY KPNC Hemorrhagic strokes account for 50% of all childhood strokes 1 and are devastating: up to onethird die and 40% have permanent neurologic deficits. 2, 3 Of all pediatric hemorrhagic strokes, vascular lesions (arteriovenous malformations, cavernous malformations, or aneurysm) account for nearly 50%. 4 To date, most studies have evaluated secondary hemorrhage risk factors in terms of intrinsic characteristics of malformations, 5 but risk factors related to what promotes primary hemorrhage have not been evaluated. As more vascular malformations are discovered as incidental findings on imaging studies, it is increasingly important to identify factors promoting hemorrhage from these otherwise asymptomatic lesions.
Neurosurgeons and neurologists anecdotally caution against contact sports for children with known vascular malformations or aneurysms because of concern that trauma could trigger a hemorrhage. In addition, recent systemic infection has been postulated as a trigger for subarachnoid hemorrhage in adults, perhaps related to the formation and rupture of aneurysms. 6 Association studies examining environmental risk factors for hemorrhage from vascular lesions in children are lacking. We hypothesized that antecedent recent infection or trauma may predispose children to incident hemorrhage from vascular lesions.
METHODS This is a case-control study nested within a population-based cohort identified as part of the Kaiser Pediatric Stroke Study (KPSS). The KPSS identified stroke cases within the cohort of 2.3 million children enrolled between January 1993 and December 2004 in Kaiser Permanente Northern California (KPNC), a nonprofit, managed care organization providing health care to one-third of the population of Northern California. 4, 7 Methods for case ascertainment were described previously. 4, 7 In brief, cases were identified through electronic searches of diagnostic and radiology databases, including claims databases that capture care outside of KPNC. Two neurologists confirmed cases through independent chart review of paper and electronic medical records using prespecified criteria; a third neurologist arbitrated disputes. This report includes only cases of hemorrhagic stroke (intracerebral or subarachnoid hemorrhage) in children aged 29 days to 19 years. Three population-based controls per case were randomly selected from the cohort of 2.3 million children, with pairwise matching for birth year, year of enrollment in the KPNC system, and primary care facility. Matching by facility was intended to control for any potential disparity in quality of care.
A pediatric RN-trained medical records analyst used a predefined protocol to review all electronic and traditional records and abstract data. To prevent recall bias, all exposure variables were defined as documented in the medical records before the stroke diagnosis, or, for controls, before the "index date," defined as the date of the stroke for that control's matched case. "Recent infection" was a documented medical encounter for an infection within 4 weeks preceding hemorrhage or index date; the time frame was based on studies of recent infection and ischemic stroke. 8 "Head or neck trauma" was defined as a documented encounter for such trauma within 12 weeks preceding; a wide time range was selected because the period of highest risk has not been well-defined. A single pediatric stroke neurologist (H.J.F.) also reviewed all case clinical records, pre-and poststroke diagnosis, to secondarily classify the cause(s) of strokes.
Our analysis included all childhood hemorrhagic stroke cases with a vascular lesion and their matched controls. We performed conditional logistic regression to account for pairwise matching. For risk factors that occurred in the cases but not in the controls, we could not calculate univariate odds ratios, and compared these predictors with Fisher exact tests. Risk factors were considered to be absent if no mention of the condition was found during chart review.
Standard protocol approvals, registrations, and patient consents. The institutional review boards at KPNC and University of California, San Francisco approved the study procedures. Patient consent was waived for this retrospective study.
RESULTS
Of the 132 cases of non-neonatal hemorrhagic stroke in our cohort, 65 were found to have a vascular lesion: 34 arteriovenous malformations, 16 cavernous malformations, and 15 aneurysms (figure 1). Two had a prior stroke, before the study period. Hemorrhages occurred at all ages (figure 2). There was no association between recent infection and hemorrhage from a vascular lesion (table) . Head or neck trauma was a risk factor, present in 3 cases (4.6%) vs none of the controls. All 3 cases had cerebral aneurysms; however, in one, a spontaneous hemorrhage may have led to the trauma, and 2 likely had traumatic pseudoaneurysms. A 2.5-year-old, previously healthy girl had a spell of "shaking" followed by collapse with a large object hitting her head when she fell, with subsequent unconsciousness for 1 hour.
Imaging demonstrated subarachnoid hemorrhage and a "saccular aneurysm" of the left supraclinoid internal carotid artery on conventional angiography, treated with surgical clipping. An 18-year-old, previously healthy boy was involved in a collision while driving; he was found unconscious. Imaging showed subarachnoid hemorrhage and a left ophthalmic artery bilobed aneurysm vs pseudoaneurysm. During surgical treatment, the surgeon saw evidence of arterial laceration and concluded it was a pseudoaneurysm. A 16-year-old, previously healthy boy was riding a skateboard when he was hit by a car. Imaging showed a small subdural and subarachnoid hemorrhage. Ten days later, he presented with "garbled speech" and obtundation. Imaging revealed a new temporal intracerebral hemorrhage and an anterior temporal artery aneurysm, characterized as a "traumatic aneurysm" by the treating neurosurgeon. Chart review of all 65 cases revealed no incidence in which a history of trauma was elicited after the stroke diagnosis to suggest that trauma acted as a trigger.
DISCUSSION In a KPSS study using the same methodology to identify risk factors for childhood ischemic stroke, recent encounters for both infection and head or neck trauma were prevalent and significant risk factors. 9 Although plausible that these environmental factors could act as "triggers" for incident hemorrhage from an aneurysm or vascular malformation, we found no evidence to support that hypothesis. The apparent association with trauma was, on careful review of clinical histories, likely explained by either traumatic pseudoaneurysms or trauma as a consequence of the hemorrhagic stroke, rather than the cause. Chart review of all cases in this population-based cohort revealed no instances in which trauma was thought to have triggered a hemorrhage from an underlying vascular lesion. Despite our cohort size of 2.3 million children, our study was limited by a small number of cases, which precluded an evaluation of risk factors for first vs recurrent hemorrhagic stroke. However, we were powered at .80% to detect associations of the same strength observed in our study of ischemic stroke (odds ratios of 6 for infection and 8 for trauma). 9 Other limitations include the retrospective nature of our study and our inability to review vascular imaging. In addition, only exposures to trauma or infection that triggered a health care visit were considered for this study, thus by definition excluding exposures that did not trigger a visit; this may have resulted in missing some exposures related to stroke. Strengths of the study are the population-based cohort and the ability to minimize recall bias by using medical records documented before the stroke diagnosis.
These data provide some limited reassurance that trauma and infection are not strong triggers for hemorrhagic stroke in children with vascular lesions.
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